Objectives: This study identifies associated factors of ischemic heart disease (IHD) among postmenopausal Korean women at the biomedical (age, family history of hypertension, dyslipidemia, type 2 diabetes mellitus, or cerebro-cardiovascular disease, body mass index, and metabolic syndrome), biosocial (socioeconomic status and educational level), and psychosocial levels (stress, depression, smoking, binge alcohol consumption, and physical activity). Methods: This study used a cross-sectional design with secondary data analysis of the 2013-2016 Korean National Health and Nutrition Examination Survey. Data from 3,636 women were analyzed by logistic regression analysis using a complex sample procedure. Results: Of the biomedical factors, older age [odds ratio (OR): 2.99, 95% confidence interval (CI): 1.87-4.80, p < 0.001], family history (OR: 2.29, 95% CI: 1.44-3.65, p = 0.001), and metabolic syndrome (OR: 1.93, 95% CI: 1.27-2.95, p = 0.002) were associated with IHD in post-menopausal women. Of the psychosocial factors, depression (OR: 2.56, 95% CI: 1.66-3.96, p < 0.001) and smoking (OR: 1.92, CI: 1.04-3.55, p = 0.038) were associated with IHD in post-menopausal women. Conclusion: These findings suggest that healthcare providers need to consider the contributing adverse effects of older age, family history, metabolic syndrome, depression and smoking when evaluating risk factors for IHD in post-menopausal women.
Introduction
Ischemic heart disease (IHD) is a cardiovascular disease characterized by a narrowed or clogged coronary artery, including angina pectoralis and myocardial infarction [1] .
Globally, the prevalence of IHD increases with age and poor lifestyle, such as high-fat and high-calorie diets, insufficient physical activity, smoking, and heavy alcohol consumption. It has been the primary cause of death worldwide for the past 15 years [2] . As IHD is a major cause of increasing mortality among Korean adults over 40 years old, mortality due to IHD increased from 41.1 per 100,000 people in 2006, to 58.2 per 100,000 people in 2016, and it was the second leading cause of death among Korean adults in 2016 [3] . Thus, middle-aged individuals (over 40 years) should be concerned about the associated factors of IHD.
In particular, middle-aged women over 40 years are the group at greatest risk of IHD with complications due to an alteration in hormone levels associated with menopause, and the accumulation of body fat, such as abdominal obesity due to aging [1] . Post-menopausal women also showed a greater increase in systolic blood pressure, and total cholesterol and triglyceride levels, as well as low density lipoprotein associated with development of cardiovascular disease, including coronary artery disease [4] . In a previous study, mortality and morbidity associated with IHD among post-menopausal women was higher than that of men in the same age group [5] . This was due to weakened protective effects against cardiovascular disease associated with estrogen deficiency.
However, pre-menopausal women showed a lower prevalence of mortality and morbidity associated with IHD than men in the same age group [5] . Thus, early intervention, including detection of risk factors for IHD, would be required to decrease mortality and morbidity associated with IHD among postmenopausal women as this group may be considered as an atrisk population. In particular, risk factors of IHD are different according to gender due to differences in microvascular function [6] . In addition, components of metabolic syndrome among women were more significantly associated with the development of IHD than those of men [7] . Thus, the specific factors associated with IHD among women need to be identified.
In previous studies, the factors identified as being associated with IHD were mainly biological factors, such as age [8] and the components of metabolic syndrome [9] . However, the development of IHD has also been associated with various psychosocial factors, including emotional distress and socioeconomic status [10] . Thus, the identification of the associated factors of IHD in post-menopausal women is multidimensional, including both biological and psychological characteristics.
The biopsychosocial model developed by Hoffman and
Driscoll [11] has been considered a framework for the holistic approach to health status, and was appropriate for identification of potential biomedical (e.g., genetics, biological processes, disease symptoms), biosocial (e.g., race/ ethnicity, gender, socioeconomic status, and environment), and psychosocial factors (e.g., mood, behaviors, social support) associated with IHD. A literature review revealed that biomedical factors associated with an increased risk of IHD were increasing age [8] , family history of hypertension, dyslipidemia, Type 2 diabetes mellitus (T2DM) or cerebrocardiovascular disease [8] , being overweight or obese [1] , and metabolic syndrome [4] . In addition, biosocial factors such as, low educational level and socioeconomic status, were associated with an increased risk of IHD [12] . Finally, psychosocial factors such as, depression [13] , high level of emotional stress [14] , having previously smoked [8, 15] , binged on alcohol [15] , and had a low level of physical activity [14] were associated factors for IHD.
Thus, associated factors of IHD among post-menopausal Korean women at the biomedical, biosocial, and psychosocial levels were identified.
Materials and Methods

Study design and samples
This study used a cross-sectional design with secondary data analysis of the 2013-2016 Korean National Health and Nutrition Examination Survey (KNHANES). The KNHANES is a nationwide survey that evaluates the health and nutritional status of the Korean population. In this survey 41,102 people were selected by stratified sampling method. Samples for data analysis included post-menopausal women older than 40 years of age who had completed a questionnaire that assessed health and nutritional status and had undergone a physical examination.
Ultimately, data from 3,636 women were analyzed. Heart Association and the National Heart, Lung, and Blood
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Institute [17] . For evaluation of waist circumference, the study used criteria from the Korean Society for the Study of Obesity 
Biosocial factors
In terms of biosocial factors, socioeconomic status was categorized into high, middle, or low class. The educational level was categorized into less than graduation from elementary school, graduation from middle school, graduation from high school, or more than graduation from college.
Psychosocial factors
Emotional status and health related behaviors such as smoking, binge alcohol consumption, and physical activity was included in psychosocial factors as described in the model of Hoffman and Driscoll [11] .
In terms of psychosocial factors, stress was assessed with the following question, "What is the level of daily stress?"
The response was categorized into severe, a little, or not at The total score, with the sum of each response rate was from 0 to 12 points, and a score of more than 8 points was considered binge alcohol consumption. Physical activity was assessed using the Metabolic Equivalent Task (MET)-minutes of the International Physical Activity Questionnaire [19] . Physical activity comprising of activities performed during work and leisure periods was calculated as the sum of walking, and categorized as moderate or vigorous MET-minutes per week.
Vigorous physical activity was more than 3,000 MET-minutes per week. In addition, more than 600 MET-minutes and less than 3,000 MET-minutes per week was evaluated as moderate physical activity, and less than 600 MET-minutes per week was evaluated as light physical activity.
Statistical analysis
Data analysis were conducted with SPSS version 22.0 for Windows (IBM, Armonk, NY, USA). Since the KNHANES used stratified, clustered, and systematic sampling methods, sampling weight with complex samples procedures were needed to adjust for the unequal probabilities of the selection of their estimates, and to decrease the bias associated with no-response and non-coverage of the population.
The characteristics of the participants, including IHD and biomedical, biosocial, and psychosocial factors, were analyzed by descriptive statistics, such as frequencies and percentages.
To confirm significant biomedical, biosocial, and psychosocial factors in the development of IHD, a Rao-Scott Chi-square test was also performed. Significant biomedical, biosocial, and psychosocial factors revealed by the Chi-square test were analyzed using logistic regression. Logistic regression analysis was performed on weighted data using a complex sampling procedure to identify the factors significantly associated with the development of IHD.
Results
Biomedical, biosocial, and psychosocial factors of participants
The biomedical, biosocial, and psychosocial factors of participants are described in The difference in IHD development according to biomedical, biosocial, and psychosocial factors among post-menopausal women is described in 
Associated factors with IHD among post-menopausal women
The factors associated with IHD among post-menopausal women are described in Table 3 
Discussion
This study identified the factors associated with IHD among post-menopausal Korean women at the biomedical, biosocial, and psychosocial levels. Our results revealed that the biomedical factors significantly associated with IHD of postmenopausal women were age, family history of hypertension, dyslipidemia, T2DM cerebro-cardiovascular disease, and metabolic syndrome. In a study regarding the prediction model for IHD development [8] , individuals aged 40 years or more,
showed an increased risk of IHD than those aged 40 years or less, and their risk of IHD rapidly increased around 60 years of age. In addition, Ahn et al [20] reported that the risk of IHD increased 2-fold among individuals aged over 65 years compared to those younger than 59 years. Men aged greater than or equal to 55 years with a family history of hypertension, dyslipidemia, T2DM or cerebro-cardiovascular disease had a 6.9% increased risk of mortality from IHD than men without a family history of these diseases [21] . Also, according to a systematic review [22] , the presence of metabolic syndrome was associated with a 2-fold increased risk and mortality of cardiovascular disease, including IHD. Similarly, in a study of Korean post-menopausal women, those with metabolic syndrome showed a 2.2-time increase in mortality from cardiovascular disease due to insulin resistance and abdominal obesity [23] . According to the International Diabetes Federation [24] , adipocyte in obese abdomens produced mediating agents, such as tumor necrosis factor, leptin, adiponectin, and resistin, which induced insulin resistance. Furthermore, both abdominal obesity and insulin resistance has been significantly associated with metabolic syndrome that resulted in hypertension and lipid metabolism disturbance, which were also associated with development of IHD [24] . Depression and a history of previously smoking were the psychosocial factors that also significantly associated with IHD in post-menopausal women. In a previous study conducted with American post-menopausal women, depression was also significantly associated with cardiovascular disease. In addition,
Wassertheil-Smoller et al [13] reported that individuals with cardiovascular disease showed a 1.41-time increased risk of depression than their counterparts. Women with depression presented with a high heart rate and limited variability in heart rate, which resulted in increased morbidity of cardiovascular disease [26] . In addition, patients with depression had an increased C-reactive protein level, which was associated with damage of the coronary artery. As the C-reactive protein level was associated with a negative emotional status such as depression and anxiety [27] , post-menopausal women may experience a greater incidence of severe depression due to the decreased secretion of estrogen which is involved in regulation of emotion in the brain [28] . Thus, early detection and treatment of depression may be significant in the prevention of IHD in post-menopausal women. In addition, according to a longitudinal study involving adults over 40 years old, women who previously smoked had a 2.72 times increased risk of IHD, and those currently smoking had a 2.34 times increased risk of IHD [29] . Furthermore, the negative influence of smoking on the development of IHD was more severe in women than men [29] . Among the chemicals present in cigarettes, nicotine enhances nerve sheath materials such as catecholamine, which increases blood pressure, pulse rate, and cardiac output [30] .
In addition, the intake of carbon monoxide while smoking increases the presence of carboxyhemoglobin in the body, which contributes to the development of cardiovascular disease by increasing the number of red blood cells, the viscosity of the blood, and platelet activation due to hypoxia [30] . Thus, interventions for smoking prevention and cessation would be important for the prevention of IHD.
This study contributes toward the further understanding of risk factors associated with IHD based on the biological and psychosocial backgrounds of Korean women through analysis of a large data set from the KNHANES. However, other potential associated factors were not considered during the literature review due to the limitations of the secondary data analysis and this may limit the study. Original studies involving various factors are suggested to identify factors associated with IHD among Korean post-menopausal women. In addition, this study used a cross-sectional study design which limits inferences of causality between the independent and dependent variables.
Thus, a well-organized longitudinal study needs to be further investigated. Finally, a single question was used to assess the outcome variables (IHD) as well as some independent variables (e.g., stress, depression). Further studies should be conducted using objective diagnostic methods to improve the reliability and validity of the data.
Conclusion
In conclusion, older age, the presence of a family history of hypertension, dyslipidemia, T2DM or cerebro-cardiovascular disease, metabolic syndrome, a history of smoking, and depression may be risk factors of IHD in post-menopausal women. These findings suggest that healthcare providers need to be concerned about these associated factors when evaluating the risk of IHD in post-menopausal women. Furthermore, when planning intervention programs, healthcare providers should consider smoking and depression as modifiable factors that need to be managed in the prevention of IHD in postmenopausal women.
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